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Abstract
Objective:  Extracorporeal shock wave lithotripsy (ESWL) is one of the most commonly used procedures
to remove renal calculi from the lower calyces. The aim of this work is to study the impact of radiological,
anatomical and demographic factors on stone clearance after ESWL of lower calyceal calculi.
Patients and  methods:  This retrospective study included 150 patients aged between 16 and 70 years who
were subjected to ESWL at October 6 University Hospital, Egypt, between June 2008 and October 2011.
All the patients had solitary radio-opaque lower calyceal renal stones sized 2 cm or less. Intravenous urog-
raphy (IVU) was performed to determine the patients’ lower-pole calyceal anatomy (infundibulum width,
infundibulum length and the lower-pole infundibulopelvic angle). The patients who were divided into two
groups according to the treatment results (Group 1: stone-free patients; Group 2: patients with residual
fragments) were followed up for 3 months and re-assessed by plain X-ray.
Results: A total of 126 patients (84%) were stone-free (Group 1), while 24 patients (16%) had resid-
ual fragments (Group 2). The stone size was 0.5–1 cm in 76 patients (60.3%) and 1–2 cm in 50 patients
(39.7%) of Group 1, respectively, with no statistically significant difference. In patients with a lower-pole
◦infundibulopelvic angle ≥45 , stone clearance was 52% compared to a stone clearance of 32% in patients
with a lower-pole infundibulopelvic angle <45◦ with no statistically significant difference. Regarding the
vs. ≥35 mm) and width (<4 mm vs. ≥4 mm), no statistically significant dif-
 Group 1 and Group 2. Ninety out of 106 patients (84.9%) with a body-mass
tone-free, compared to 36 out of 44 patients (81.8%) with a BMI > 30 kg/m2.infundibulum length (<35 mm 
ference was observed between
index (BMI) ≤30 kg/m2 were s∗ Corresponding author.
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Conclusions:  There is no statistically significant effect of stone size, anatomy of the lower calyx and BMI
on stone clearance after ESWL of lower calyceal stones. However, small stone size (≤2 cm), a shorter and
wider infundibulum and a larger lower-pole infundibulopelvic angle seem to promote a more rapid and
more complete stone clearance.
© 2012 Production and hosting by Elsevier B.V. on behalf of Pan African Urological Surgeons’ Association.
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xtracorporeal shock wave lithotripsy (ESWL) is one of the most
ommonly used procedures to re-move renal calculi from the upper
rinary tract [1]. Since the introduction of ESWL in the early 1980s,
tones in the lower pole calyx (LPC) have been an interesting point
f discussion. Observations in a meta-analysis carried out by Linge-
an et al. [2] which were later supported by other reports [3], showed
 reduced success in the treatment of lower-pole stones when com-
ared to the treatment results of stones in the upper and middle
alyces, this reduced success being related to the poor clearance of
ragments rather than to a reduced fragmentation.
SWL offers several advantages over other modalities of stone treat-
ent: it is a minimally invasive procedure often not requiring deep
nesthesia, it is an outpatient treatment, and most of the patients can
esume their work within two days after the procedure. The outcome
f stone clearance after ESWL is strongly related to stone disinte-
ration and clearance of the fragments [4]. Stone disintegration is
ffected by several factors, such as stone size and composition, the
umber of stones, patient-related factors (age, obesity), the opera-
or’s experience and the type of lithotripter and its properties (shock
ave number, shock wave energy) [5]. In addition, the clearance rate
f stone fragments is influenced by the anatomy of the intrarenal col-
ecting system and lower-pole spatial anatomic measures, such as
nfundibular width (IW), infundibular length (IL), and lower pole
nfundibulopelvic (LPIP) angle drainage [5]. Many studies have
ssessed the success of ESWL on stone clearance with contradictory
esults. This may be due to different inclusion criteria, the use of
ifferent methods of measuring the angle, the use of different types
f lithotripters, or different follow-up criteria [6].
n the present study, besides LPC anatomy and stone size, various
actors such as the number of shock waves used and the number of
essions, the patients’ age and a possible influence of the body mass
ndex (BMI) on the treatment results have been studied.
atients  and  methods
his retrospective study included 150 patients aged between 16 and
0 years who were subjected to ESWL at October 6 University
ospital, Egypt, between June 2008 and October 2011. All patients
ad solitary radio-opaque lower calyceal renal stones sized 2 cm or
ess. Preoperative assessment included laboratory work-up (serum
reatinine, urine analysis), intravenous urography (IVU), medical
istory, physical examination and ultrasonography of the urinary
ract. The stone size and location were reviewed and determined
ased on the anteroposterior abdominal plain X-ray images of the
Open access under CC BY-NC-VU series. Patient-related data, such as demographics and BMI,
tone characteristics (site and size) and treatment-related data (num-
er of sessions, total number of shock waves used) were recorded.
he patients were sub-divided according to their BMI (≤30 kg/m2
S
S
Ir >30 kg/m2). Exclusion criteria were multiple or branched stones,
 stone size > 2 cm, patients with a distorted pelvi-calyceal anatomy,
cquired congenitally or in the course of previous surgery, horseshoe
idney, severe hydronephrosis, a history of previous procedures per-
ormed for the treatment of LPC stones, acute urinary tract infection,
oagulopathy and pregnancy.
he patients were followed up for 3 months. The intervals between
ifferent ESWL sessions were 2 weeks. Plain radiography was
sed to determine the details of the lower-pole calyceal anatomy
infundibular width – IW, infundibular length – IL and the lower-
ole infundibulopelvic angle – LPIPA). Infundibular length was
efined as the length between the most distal point of the lower
alyx, where the targeted stone was located, and the midpoint of the
pening of the lower calyx into the renal pelvis (Fig. 1). Infundibular
idth was measured at the narrowest point of the lower calyx. The
nfundibulopelvic angle was determined in two axes, the uretero-
elvic axis and the infundibulo-pelvic axis. The first axis extends
rom the central point of the pelvis opposite the margins of the
uperior and inferior renal sinuses to the central point of the ureter
pposite the lower pole of the kidney. The second axis is the central
xis of the lower-pole infundibulum [7,8].
echnique
ll the patients underwent ESWL using a mobile electrohydraulic
spark gap) lithotripter (BMA For Design and Industry Corp., Giza,
gypt). After being placed in the supine position, the patients
eceived sedoanalgesia in the form of meperidine hydrochloride
1 mg/kg) and/or fentanyl (1.5 g/kg). Therapy was usually started
t a low power of 14 kV which was then gradually increased to
4 kV based on patient tolerance. The number of shock waves used
epended on how fast complete fragmentation of the stone could be
chieved; however, the maximum number of shock waves delivered
as 3200 per session.
ollow-up
ll the patients with radio-opaque stones were followed up with
lain radiography. After 3 months follow-up, the patients were
ivided into two groups, depending on whether they were stone-free
Group 1) or whether they had residual fragments (Group 2). The
atients were considered stone-free when there was no radiological
vidence of stone fragments or, as far as asymptomatic patients with
terile urine were concerned, when they had ≤3 mm fragments. The
tudy end points were a stone-free status, the number of shock waves
sed and the number of sessions required.
ense.tatistical  analysis
tatistical analysis was performed using SPSS version 12.0.1 (SPSS
nc., Chicago, IL, USA) for Windows. The independent sample t  test
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Figure  1  Measurement of the lower-pole calyceal anatomy. (A) Infundibular width (IW): the narrowest point of the lower calyx; infundibular
length (IL): the length between the most distal point of the lower calyx and the midpoint of the opening of the lower calyx into the renal pelvis.
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ber of shock waves used and the infundibulopelvic angle (≥45◦
and <45◦) showed no statistically significant difference. In patients
with an infundibular width <4 mm, an increased number of shock(B) Infundibulopelvic angle (IPA). The ureteropelvic axis (black line on
central axis of the lower-pole infundibulum.
was used for the comparison of Group 1 and Group 2 with regard
to the statistical significance of stone size and anatomical factors,
such as infundibular length and width and infundibulopelvic angle.
A univariate analysis of the correlation between the success rate of
stone clearance and all influencing factors was carried out with χ2
test. A P-value <0.05 was considered statistically significant.
Results
Out of 150 patients with solitary radio-opaque lower calyceal renal
stones treated with ESWL, 126 (84%) were stone-free (Group 1)
and 24 (16%) had residual fragments (Group 2) after a follow-up
of 3 months. Group 1 consisted of 96 male and 30 female patients
with a mean age of 45.02 ±  13.02 (range 16–70) years. The mean
stone size was 0.87 ±  0.22 (range 0.5–2) cm (Tables 1 and 2). In 76
patients (60.3%) of this group the stone size ranged from 0.5 to 1 cm,
whereas in 50 patients it ranged from 1 to 2 cm, but there was no
significant difference as far as the stone-free status was concerned.
Table  1  Significance of patients’ characteristics on stone
clearance.
Variable Group 1 Group 2 P value
Gender N = 126 N = 24 0.643
Male (Total n) = 110 96 14
Female (Total n) = 40 30 10
Stone side 0.544
Right side (Total n) = 70 60 10
Left side (Total n) = 80 66 14
BMI 0.461
≤ 30 kg/m2 (Total n) = 106 90 16
> 30 kg/m2 (Total n) = 44 36 8
Body mass index, BMI.right) is derived from the 2 white lines. The black line on the left is the
n patients with an infundibulopelvic angle ≥45◦, stone clearance
as 52%, whereas it was 32% in patients with an infundibulopelvic
ngle <45◦ with no significant difference (Table 3).
egarding infundibular length and width, no statistically significant
ifference was observed between the two groups (Table 3). The
verage number of sessions was 1.91, while the average number of
hock waves used per session was 2154. The number of sessions
anged from 1 to 5 sessions with 68 patients (45.3%) requiring one
ession, 48 patients (32%) two, 18 patients (12%) three, 12 patients
8%) four and 4 patients (2.6%) five sessions.
s for the effect of BMI on stone clearance, 90/106 patients (84.9%)
ith a BMI ≤  30 kg/m2 were stone-free, compared to 36/44 patients
81.8%) with a BMI > 30 kg/m2. The correlation between the num-Table  2  Impact of lower calyceal anatomy on stone clearance after
ESWL.
Factor Group 1 Group 2 P value
Infundibular length (mm) N = 126 N = 24 0.369
<35 80 (53.3%) 10
≥35 46 (30.7%) 14
Infundibular width (mm) 0.213
<4 60 (40%) 16
≥4 66 (44%) 8
LPIPA (◦) 0.633
<45 48 (32%) 14
≥45 78 (52%) 10
Stone size
<1 cm 76 (50.6%) 6 0.432
1–2 cm 50 (39.6%) 18
Lower pole infundibular pelvic angle, LPIPA.
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Table  3  Comparison between the Group 1 (stone-free) and Group 2 (residual fragments).
Group 1 patient stone free Group 2 patient residual fragments P value
Age (years) 45.02 ± 13.02 47.02 ± 11.01 0.341
Stone size (cm) 0.87 ± 0.22 1.16 ± 0.37 0.327
IL (mm) 29.2 ± 4.0 31.5 ± 6.4 0.154
IW (mm) 4.1 ± 1.0 3.8 ± 0.5 0.185
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RLPIPA (◦) 42.2 ±  6.0 
No. of shock ◦wave 2054 ± 489 
aves was necessary (3200 as compared to 2300 in patients with
n infundibular width ≥4 mm), however, there was no significant
ifference (P  = 0.860). Similarly, the infundibular length did not
ave a statistically significant effect on the number of shock waves
P  = 0.926), nor had the BMI (P  = 0.461). The overall complication
ate was 11% in the form of steinstrasse (5%), renal colics (4%) and
rinary tract infection (2%).
iscussion
arious treatment options for lower-pole kidney stones have evolved
n recent decades, with ESWL being considered one of the best and
east invasive procedures [8]. The outcome depends on different
actors. The question as to whether there is a relationship between
tone size and stone clearance is controversial in the literature. The
resent study showed no significant relationship between stone size
nd stone clearance, which is in accordance with a number of reports
9,10], especially as far as stones <2 cm are concerned, while other
tudies reported an adverse effect of a larger stone size on the treat-
ent results [8]. Our findings may be attributed to the fact that we
erformed the study only on stones sized 2 cm or less.
ccording to our results, anatomic factors do not have a statistically
ignificant effect on stone clearance, which is matching with the
ndings of Sahinkanat et al. [11]. Other authors, however, found
hat infundibular width and length, as well as the pelvicalyceal
ngle were significant factors for stone clearance [11–13]. Elbah-
asy et al. stated that a lower-pole infudibulopelvic angle ≥90◦ or
n infundibular length ≤3 mm and an infundibular width ≥5 mm,
egardless of the lower-pole infudibulopelvic angle, were significant
actors influencing stone clearance after ESWL [12]. On the other
and we could not find any significant effect of LPIP angle ≥45◦and
45◦ on stone clearance and that discrepancy with the other reports
ight be due to using fixed measuring points which enable more
lear landmarks for measurements.
rownlee et al. reported that multiple sessions of ESWL resulted in
n increased stone-free rate compared with a single-session therapy
88% vs. 23%) [14]. In the present study, the number of sessions
id not have a significant effect on stone clearance. The contri-
ution of ESWL therapy to the stone-free rate and retention of
assable stone fragments ≤4 mm in the lower pole might be an effect
f the gravity-dependent position of the lower calyces. In patients
ith an infundibular width <4 mm, an increased number of shock
aves was necessary (3200 as compared to 2300 in patients with
n infundibular width ≥4 mm), however, there was no significant
ifference (P  = 0.860).egarding BMI and stone clearance, we found no statistically sig-
ificant difference, which is comparable to the results obtained by
ammad Ather et al. [15].40.38 ± 2.5 0.218
2039 ± 513 0.831
owadays, ESWL is the treatment of choice for most symptomatic
ower-pole calyceal calculi due to its non-invasive nature, minimal
nesthesia requirements and cost-effectiveness [16]. However, sev-
ral recent reports have indicated a variable clearance rate using
SWL [4,17,18]. A number of factors influencing stone clearance
ave been identified [1,3]. These include stone characteristics, the
ype of lithotripter used, LPC anatomy and body habitus. For iso-
ated LPC stones, the pelvicalyceal angle, infundibulum length and
idth are considered important determinants for stone clearance.
he impact of body habitus on stone clearance has so far been little
iscussed by other investigators.
onclusions
n our study, ESWL was the procedure of choice for the treatment
f lower-pole renal stones. The findings show that there is no sta-
istically significant effect of stone size, anatomy of the lower calyx
nd BMI on stone clearance. However, a small stone size (≤2 cm), a
horter and wider infundibulum and a larger lower-pole infundibulo-
elvic angle seem to promote a more rapid and more complete stone
learance. Limitations of the study were its retrospective nature and
he fact that the number of cases in the second group was too small
or an appropriate assessment. We, therefore, recommend a larger
tudy focussing on the impact of various factors influencing stone
learance after ESWL.
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